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Abstract: Salt tolerance mechanisms of halophyte Petrosimonia triandra, growing in its natural
habitat in Cojocna commune, Cluj county, Romania, were investigated by analysis of
biomass, growth parameters, water status, ion content, photosynthetic and
antioxidative system efficiency, proline accumulation and lipid degradation. Two
sampling sites with different soil electrical conductivities (EC) were selected, site 1:
3.14 dS m-1 and site 2: 4.45 dS m-1. Higher salinity proved to have a positive effect on
growth, the relative water content did not decline severely, the Na+ and K+ content of
the roots, stem and leaves was larger, the function of photosynthetic apparatus and
photosynthetic pigment content were not altered. The efficiency of antioxidative
defence system was found to be assured by coordination of several reactive oxygen
species scavengers. The presence of higher salinity, lead to accumulation of the
osmolyte proline, while degradation of membrane lipids was reduced. As a whole, P.
triandra evolved different adaptational strategies to counteract soil salinity, which
includes morphological and physiological adaptations, preservation of photosynthetic
activity, development of an efficient antioxidative system and accumulation of the
osmotic compound, proline.
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Morphological, physiological and biochemical aspects of halophyte Petrosimonia triandra grown in natural habitat 
 
Abstract 
Salt tolerance mechanisms of halophyte Petrosimonia triandra, growing in its natural habitat in Cojocna commune, Cluj 
county, Romania, were investigated by analysis of biomass, growth parameters, water status, ion content, photosynthetic 
and antioxidative system efficiency, proline accumulation and lipid degradation. Two sampling sites with different soil 
electrical conductivities (EC) were selected, site 1: 3.14 dS m-1 and site 2: 4.45 dS m-1. Higher salinity proved to have a 
positive effect on growth, the relative water content did not decline severely, the Na+ and K+ content of the roots, stem and 
leaves was larger, the function of photosynthetic apparatus and photosynthetic pigment content were not altered. The 
efficiency of antioxidative defence system was found to be assured by coordination of several reactive oxygen species 
scavengers. The presence of higher salinity, lead to accumulation of the osmolyte proline, while degradation of membrane 
lipids was reduced. As a whole, P. triandra evolved different adaptational strategies to counteract soil salinity, which 
includes morphological and physiological adaptations, preservation of photosynthetic activity, development of an efficient 
antioxidative system and accumulation of the osmotic compound, proline. 
Keywords: Petrosimonia triandra, salinity, biomass, photosynthetic pigments, antioxidant, proline. 
 
Introduction 
Salinity is one of the most important abiotic stress factor reducing crop productivity and quality worldwide (Yamaguchi 
and Blumwald 2005; Okorogbona et al. 2015). Approximately 20% of the world’s cultivated and 33% of the irrigated land 
is affected by high levels of soil salinity, limiting plant growth and survival. Furthermore, salinized area increases yearly 
with 10% due to low precipitation, irrigation with saline water and poor agricultural practices. It is estimated that by 2050, 
50% of the arable land would be salinized (Jamil et al. 2011; Shrivastava and Kumar 2015). Sodium (Na+) and chloride 
(Cl-) ions constitute the major ionic components of soils and seawater, but other ions, such as sulphate (SO42-) and calcium 
(Ca2+) play a role in salinity formation. 
 Uptake and overaccumulation of Na ions induce salt stress in many plant species disturbing normal growth and 
development. Concentrations of 150 - 400 mM NaCl in soil can affect the volume of intercellular spaces in leaves, the 
thickness of the whole leaf and of the palisade parenchyma and the size of the epidermal and spongy parenchyma cells 
(Molassiotis et al. 2006; Milic et al. 2013; Montero et al. 2018). Photosynthesis is negatively affected, because damaging 





































































concentrations of Na+ and / or Cl- can accumulate in chloroplasts (Boyer 1976; Sudhir and Murthy 2004). Photosynthetic 
electron transport is relatively insensitive to salt, but the carbon metabolism or photophosphorylation is affected (Sudhir 
and Murthy 2004). The lipid and protein composition of plasma membranes are severely modified by salt accumulation 
leading to ion imbalance and hyperosmotic stress (Hayashi and Murata 1998; Parida and Das 2005). Osmotic effect happens 
when dissolved solutes near the plant root zone generate a low osmotic potential that decreases the soil water potential, 
which negatively affects the water balance of the plant. Under normal conditions, the cytosol of the plant cells contains 1 
to 10 mM Na+ and 100 to 200 mM K+ (Binzel et al. 1988; Blumwald et al. 2000), that allow the enzymes to function 
optimally. A high ratio of Na+ / K+ and high concentrations of total salt inactivate enzymes and inhibit protein synthesis 
(Blumwald et al. 2000). Osmotic stress induced by high salinity is typically accompanied by oxidative stress caused by the 
accumulation of reactive oxygen species (ROS) and consequently, an increase in ROS scavenging enzymes: superoxide 
dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), glutathione reductase (Parida et al. 2004; Yildiztugay et 
al. 2014; Kibria et al. 2017). 
Halophyte species are considered extremophile plants for they are able to tolerate and complete their life cycle 
under a large scale of soil salinity. Halophytes present a series of anatomical and physiological adaptation mechanisms 
allowing them to counter the ion toxicity and water failure. Some halophytes are able to exclude salt from shoot meristems 
and leaves as they have developed salt glands on the surface of the leaves (Atriplex sp.) or accumulate Na+ and Cl- ions in 
the vacuole to avoid cytotoxicity (Taiz and Zeiger 1998). Halophytes, such as Suaeda maritima (Flowers 1972; Flowers 
and Colmer 2015) and Atriplex nummularia (de Araújo et al. 2006) show growth stimulation up to 300 mM Cl- levels, 
while Salicornia europaea, Atriplex leucoclada and Kochia scoparia show greater growth under increasing salt 
concentrations up to 500 mM NaCl (Mohammadi and Kardan 2015). Some halophytes are able to scavange cell detrimental 
ROS, by a series of osmolytes that ensure protection of the subcellular structures. Halophytes usually accumulate one 
dominant osmolyte, like proline, glycine betaine, sorbitol, β-alanine betaine, choline-O-sulphate or sugar (Tipirdamaz et 
al. 2006; Arbona et al. 2010; Lugan et al. 2010; Slama et al. 2015), but some halophytes accumulate more than one 
compatible solute (Gagneul et al. 2007). 
 Petrosimonia species, members of Chenopodiaceae family, are typical halophytes native to South East of Europe 
(Edmondson 1993; Grigore et al. 2012; Todorova et al. 2014) and regionally in Asia (Breckle et al. 2011; Zörb et al. 2013). 
All Petrosimonia species identified are living in saline soils with 2 - 28 dS m-1 EC (Grigore et al. 2012; Zörb et al. 2013; 
Todorova et al. 2014), reaching up to 0.5 m height in arid areas. Although very little information is published about this 
species, it has been proposed as an antioxidant source for the expanding food crisis (Grigore and Oprica 2015). P. triandra 




































































anatomical studies, since it is the only Romanian Petrosimonia species with this specificity (Grigore et al. 2012). Because 
of its salty taste, P. triandra is often consumed, by local people, in salads. Like other halophytes, based on its salt 
accumulation capacity, it could also be used as a biodesalinating plant, for the purpose of expanding the arable lands and 
generate pastures. Halophyte crop production represents a major trend in the development and use of territories hardly 
suitable for agriculture due to the shortage or full absence of freshwater. Halophytes are an alternative source of feeds, 
grains, grass forage, and medicinal raw materials, as well as a means of reconstructing the plant cover and improve the 
biological productivity of degraded pasture lands (Shamsutdinov et al. 2017). The ecological importance consists in the 
non-monetary value of the presence of halophytic vegetation, which has a protective role against soil erosion, ensures the 
habitat of some animal species, and represents an insular living environment in the Transylvanian Plain. 
In the current study, we aimed to investigate the adaptation mechanisms of P. triandra to salt stress by comparing 
morphological, physiological and biochemical parameters of plants grown in their natural habitat, in soils with different 
salinities in Cojocna commune, Cluj County, Romania. Characterization of P. triandra contributes to the understanding of 
salinity tolerance mechanism of halophytes and can provide a substantial advantage for the extension of arable land for 
crop species in Europe and especially in the Carpathian Basin. 
 
Materials and methods 
Plant material sampling site 
Cojocna commune from Cluj County, Romania (fig. 1A), is located in Fizeş Plain, covers an area of 238 km2, with a 
population of 4400 inhabitants. The wide and flat meadow, marked by crust and saline efflorescences, from the eastern 
edge of the Cojocna commune, outlines an important massive salt in the basement. On the surface occupied by medium-
sized Miocene deposits, erosion created wide valleys, accompanied by numerous salt springs, sapropelic mud plateaus, 
salty and halophyte vegetation. The climate is temperate-continental, characterized by warm summers and cold winters. 
The average annual temperature is 9.6 oC with a multiannual minimum of -15 oC and a maximum of +30 oC in July / 
August. Annual average rainfall is 886 mm. 
Two sampling sites from Cojocna (Cluj County, Romania, coordinates for 3.14 dS m-1 soil electrical conductivity: 
N46.74319 E23.84290 – site 1, and for 4.45 dS m-1 soil electrical conductivity: N46.74328 E23.84295 – site 2) were marked 
and used for analysis of Petrosimonia triandra (Pall.) Simonk. plants growing there in the summer of 2016 (fig. 1B). The 
3.14 dS m-1 and 4.45 dS m-1 values correspond to a moderate saline soil (Marcar and Crawford, 2004). The sampling sites 




































































on our earlier results from both soil and plant samples collected in summer of 2014 and 2015. The measured parameters 
showed the same tendency as in the presented data referring to year of 2016. 
Determination of morphological and growth parameters 
At each sampling site 10 plants were chosen for the analysis of morphological and growth parameters. The plants were 
carefully dug out to maintain their root intact. Length measurements were done using a millimetre ruler. Primary root 
length was measured from the base of the root to its deeper point, shoot length was measured from the base of the shoot to 
its highest point. For leaf area measurements, the leaves were excised, placed onto millimetre paper and photographed. 
ImageJ program was used to quantify the leaf area of the photographed leaves. Analytical scale (G&G, Electronic scale 
JJ200B) was used to measure the fresh weight of the leaves, stems, and roots right after digging out the plants and 
immediately after the excision of the plant organs. The samples were carried into the laboratory, oven dried in paper bags 
at 70oC for 48 h, and then the dry weight of leaves, stems and roots were measured. The ratio of root and shoot (stem+leaf) 
fresh (FW) and dry (DW) weights were calculated.  
Measurement of water relations 
For turgid weight measurement, the leaf fresh weight (LFW) was recorded immediately after field sampling, then, the 
leaves were immersed into distilled water and kept at room temperature. After 24 h of soaking, the leaves were water dried 
by blotting onto filter paper and leaf turgid weight (LTW) was recorded. Leaf dry weight (LDW) was measured upon 
incubation at 70oC for 48h. Relative water content was calculated as follows: RWC% = (LFW – LDW / LTW - LDW) x 
100.  
Determination of plant ion content 
The ion-chromatographic analysis was performed at room temperature (21±2°C) using Dionex ICS-1500 system equipped 
with a temperature compensated conductivity cell (Cataldi et al. 2003). The ion separation was carried out with two 
different ion-exchange columns: one for cations (Na+, NH4+, K+, Mg2+, Ca2+), another for anions (F-, Cl-, NO2-, Br-, NO3-, 
PO43-, SO42). Upon harvest, the plant samples were rinsed three times in distilled water, blotted on filter paper (Cataldi et 
al. 2003), and then the roots were separated from the stems. After separation, the samples were quickly frozen in liquid 
nitrogen, then ground into powder and stored in airtight vials at room temperature. In order to determine the content of 
anions and cations, the obtained tissue powder (100 mg) was mixed with ultra-pure water (15 ml), the suspension was 




































































centrifuged at 14000 rpm for 15 min (centrifuge type: Sigma, rotor 12124 PP 399/F). The samples were filtered through 
single-use MCE 0.45 μm filters to remove any particulate matter and analysed with ion-chromatograph.  
In order to determine the NaCl content of the soil samples, we considered the concentration of Na+. The NaCl 
content of the soil were calculated from the measured IC (Ion Chromatography values) and was converted to mM L-1 using 
the molecular weight (atomic mass) data. Thus, the soil NaCl in the first sampling site (EC=3.14 dS m-1) was 24.35 mM 
L-1 while in the second site (EC= 4.45 dS m-1) 41.35 mM L-1, respectively. Therefore, the difference in NaCl content 
between the two sampling sites is 70%.  
Determination of photosystem II efficiency and of photosynthetic pigment content 
Quantum yield, a measure of the photosystem II efficiency (PSII) equivalent, in light adapted leaves, to Fv’/Fm’ was 
determined by a portable FluorPen FP100 (Ptushenko et al. 2014). Leaves were light adapted, the PAR (photosynthetic 
active radiation) value was 1700-1800 mmol m-2 s-1. Chlorophyll and carotenoid content were determined according to the 
method described by Lichtenthaler (1987). Leaves (0.1 g) were grinded, then 2 ml 100% acetone was added and kept at 
4oC for 24 h. The homogenate was centrifuged at 15000 g for 5 min, and the supernatant was treated with 80% acetone for 
24 h. The optical density was measured by a VWR UV-1600PC spectrophotometer at 646.8 and 663.2 nm for Chl a + b 
determination, and 470 nm for carotenoid determination. The concentration of chlorophyll was calculated according to the 
equations: Chl a = 12.21 A663.2 - 2.81 A646.8, Chl b = 20.13 A646.8 - 5.03 A663.2 and Chl a + b = 7.15 A663.2 + 18.71 A646.8. The 
concentration of carotenoids was calculated according to the equation: (1000 A470 ‐  3.27 Chl a - 104 Chl b) / 227. 
Quantification of reactive oxygen species detoxifying enzyme activities 
For antioxidative enzyme assays, field collected leaves (1 g) were homogenized in a reaction mixture containing 40 mg 
polyvinyl pyrrolidone (PVP) and 4 ml of 0.1 M phosphate buffer (pH 7.0) with 0.1 mM EDTA. The homogenate was 
centrifuged and the supernatant was used for determination of different enzymes activities. Soluble protein concentration 
was determined by the method of Bradford (1976). The methods used to measure the activity of different enzymes 
(superoxide dismutase, catalase, ascorbate peroxidase, guaiacol peroxidase, glutathione transferase) were published earlier 
by Székely et al. (2008). 
Measurement of free proline content and of lipid peroxidation 
Free proline content was measured in the field collected leaf tissues by colorimetric assay according to the method 
described by Bates (1973) and modified by Ábrahám et al. (2003). The end product of lipid peroxidation, malondialdehyde 




































































homogenized in 0.5 ml of 20% w/v TCA solution. The homogenate was centrifuged at 15000 g for 5 min at 4oC, and then 
0.5 ml of 1% w/v TBA was added to the supernatant. The mixture was incubated at 100oC for 30 min, and then the tubes 
were placed on ice to stop the reaction. Samples were centrifuged at 10000 g for 5 min, and the absorbance of supernatant 
(where some shade of pink MDA-TBA complex was formed) was measured at 535 and 730 nm. The intensity of 
the pink pigment indicates the extent of lipid peroxidation. The amount of MDA–TBA complex was calculated according 
to the equation: X (%) = 100 x (OD535 - OD730). 
Statistical analysis 
Statistical analysis was performed using the Welch Two Sample t-test in RStudio statistical software (v1.1.423), where 
*p= 0.05-0.01, **p = 0.01-0.001 and ***p < 0.001. 
 
Results 
Effect of salinity on growth of Petrosimonia triandra plants 
In order to assess morphological responses of P. triandra to salinity, plants grown in their natural environment in Cojocna 
commune, Cluj County, Romania (fig. 1). Growth parameters of P. triandra plants grown under two different salinities 
were investigated. The soil EC at the two sampling sites were 3.14 and 4.45 dS m-1, corresponding to approximately 24.35 
mM (site 1) and 41.35 mM (site 2) NaCl in soil, respectively. Despite of the higher soil salinity at site 2, P. triandra plants 
grown there were more vigorous than those grown at site 1. The fresh and dry biomass of the above- and underground 
organs of P. triandra plants grown in higher salinity were between 21 and 35% significantly larger than of those grown in 
lower salinity (Table 1). While fresh weight biomass of roots, stem and leaves were by 21-30% larger, the dry biomass 
differences were 27-35% larger in plants grown in higher salinity compared to those in site 1, with lower soil salinity (Table 
1). The enhancement in fresh and dry biomass of leaves was 30% and 35%, the fresh and dry biomass of stems was larger 
by 27% and 32%, while the root fresh and dry biomass increased with 21 and 33%, respectively (Table 1). Root to shoot 
fresh or dry weight ratios displayed no statistically significant differences between the two sampling sites (Table 1). The 
length of the primary root, although 24% larger, was not statistically significant in plants grown at 4.45 dS m-1 EC of soil 
compared to those grown at 3.14 dS m-1 (Table 2). Nonetheless, plant height and total leaf area were by 29% and 69%, 
respectively, significantly larger in plants grown in higher salinity (Table 2). 




































































The influence of salt on mineral ion distribution in different organs are presented in Table 3. The levels of Na+ and K+ 
cations were larger in roots (Na+: 51%, K+: 55%), stems (Na+: 5%, K+: 51%) and leaves (Na+ and K+ 30%) of plants grown 
at higher salinity in comparison to those grown at lower salinity. The levels of Ca2+ and Mg2+ exceeded in roots (Ca2+: 
440%, Mg2+: 354%) and stems (Ca2+: 240%, Mg2+: 58%), but decreased in leaves (Ca2+: 160%, Mg2+: 74%) of plants grown 
at higher soil salinity. The level of Cl- anion increased in roots (28%), stems (6%) and leaves (11%) in presence of higher 
EC (4.45 dS m-1 S). The Na+ / K+ ratio decreased in stems by 43% and remained unchanged in roots and leaves (Table 
3). 
PSII efficiency and photosynthetic pigment content in plants grown under different soil salinity 
The quantum yield of PSII (Fv’/Fm’) of plants, showed constant values around 72% in light adapted leaves (fig. 2A) in 
both sites of P. triandra habitat. Regarding the photosynthetic pigments, only carotenoids (fig. 2C), not chlorophyll a and 
b (fig. 2B) displayed larger accumulation in leaves of plants grown at higher soil salinity. The accumulation of carotenoids 
in P. triandra was 37% significantly higher in leaves of plants grown in the presence of 4.45 dS m-1 EC compared to those 
of plants living at 3.14 dS m-1 EC. 
Effect of different salinity on the oxidative defence system 
The activity of plant enzymes important for stress tolerance: superoxide dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX), guaiacol peroxidase (GPX) and glutathione transferase (GST) was investigated in leaves of field living 
plants. The activity of all investigated enzymes was statistically significantly increased in plants grown at higher salinity 
in comparison to those living at lower soil salinity (fig. 3). SOD and CAT activity levels were 50% and 60% higher, 
respectively (figs. 3A, B), APX and GPX activity levels were greater by 30-40% (figs. 3C, D), whereas GST activity was 
10% increased (fig. 3E) in the presence of elevated soil EC. These findings suggest that P. triandra possesses an efficient 
antioxidative system, which is activated by elevated salinity and is able to scavenge the harmful ROS during oxidative 
stress caused by high salinity. 
Effect of different salinity on proline and lipid peroxidation levels 
The level of free proline in P. triandra leaves was significantly increased by 20% (fig. 4A) in the presence of higher soil 
salinity. To quantify the lipid degradation, as an effect of oxidative damage, we measured the level of malondialdehyde 
(MDA), as the end product of lipid peroxidation. MDA was used as an indicator of membrane lipid peroxidation. The level 
of lipid degradation was 18% significantly lower in plants grown under higher (salinity 4.45 dS m-1 EC) than under lesser 






































































Salinization of arable soils is of real concern for it negatively affects cultivated plants, thus posing a risk to food production. 
By definition, a saline soil is one in which the electrical conductivity (EC) of the saturation extract in the root zone exceeds 
4 dS m-1 (decisiemens per meter), where 4 dS m-1 corresponds to approximately 40 mM NaCl or more at 25oC (Richards 
1954; Amacher et al. 2000; Marcar and Crawford 2004; Chinnusamy et al. 2005). Halophyte species could be used in saline 
soils as they are able to grow and develop under such conditions. In our study, Petrosimonia triandra, a halophyte member 
of the Chenopodiaceae family, showed enhacement of growth under higher (4.45 dS m-1 EC) in comparison to lower (3.14 
dS m-1 EC) soil salinity conditions in its natural environment. The increase in the length and surface area of the aboveground 
plant organs are in accordance to the increase in their biomass (Table 1), suggesting that the tolerance response of this plant 
species to high salt is to develop its aerial parts rather than the underground organs. This is not surprising, given that other 
members of the Chenopodiaceae family like Salsola soda can grow and tolerate even higher soil salinity (EC ∼ 10 dS m-1 
or above) (Centofanti and Banuelos 2015; Karakas et al. 2017). Study of six halophyte species (Suaeda maritima, Sesuvium 
portulacastrum, Clerodendron inerme, Ipomoea pes-caprae, Heliotropium curassavicum and Excoecaria agallocha) 
which are able to accumulate salt, showed that S. maritima and S. portulacastrum decreased the EC of soil from 4.9 to 1.4 
and 2.5 dS m-1, respectively, demonstrating their potential for soil desalinization purposes (Ravindran et al. 2007). Apart 
from salt stress, halophytes have to be able to cope with water stress, too, for that the presence of high salts in the soil 
imped water absorbtion. In the current study, the relative water content (RWC) of the leaves of P. triandra was lower only 
by 17% in plants grown at 4.45 dS m-1 EC, but remained around the value of 70%, showing that the salt stress conditions 
do not severely affect the plants water status (Table 2). P. triandra is able to maintain a high RWC (~70%) when encounters 
salt stress, demonstrating that plants possess an efficient mechanism to adjust cell cytosol osmotically, and to absorb 
enough water from the soil. 
The concentrations of Na+ and K+ in plants is an indicator of plant tolerance to salt stress. Na+ accumulation in 
leaves can repress photosynthetic enzymes and carbohydrate metabolism, process which induce oxidative damage and cell 
death (Chaves et al. 2009; Iseki et al. 2016), pollen sterility and delayed flowering in Cicer arietinum (Pushpavalli et al. 
2016). Plants have developed a series of salt tolerance mechanisms to avoid these damaging effects. They exclude Na+ 
from roots to reduce uptake and sequester it into vacuoles to protect cytosolic enzymes (Munns and Tester 2008), thus 
establishing a low cytosolic Na+ / K+ ratio, with important role for physiological activities and growth under salt stress 
(Yamaguchi and Blumwald 2005). In our study, 30-51% larger concentrations of Na+ in roots and leaves of plants grown 




































































ratio was 43% lower in stems, but showed no difference in roots and leaves (Table 3) of P. triandra plants living in higher 
soil salinity compared to those from lower soil salinity. This suggests that, in order to maintain the Na+ / K+ ratio in leaves, 
the plants living under higher soil salinity conditions may intensify the K+ transport through the stem. The capacity to 
reduce Na+ / K+ ratio in the presence of higher soil salt content, indicates the ability to evolve an efficient salt tolerance 
mechanism. In accordance with the present study, Karakas et al. (2017) observed the accumulation of Na+ in leaves of S. 
soda and Portulaca oleracea under increasing soil salinity content. With respect to other cations, such as Mg2+ and Ca2+, 
in the current study, they accumulated rather in roots than in stem or leaves, which may suggest the presence of an efficient 
exclusion mechanism at root level developed to avoid excess accumulation of these ions in the leaves. 
High EC soil values did not affect significantly the quantum yield (Fv’/Fm’) of plants, showing constant values 
around 72% in light adapted leaves (fig. 2A). Therefore, oxidative stress induced by salt conditions, did not alter the 
function of PSII. Significantly increased accumulation of photosynthetic pigments was observed only for carotenoids (fig. 
2C). Carotenoids take part in dissipating excessive excitation energy in PSI and PSII, and in reducing the formation of 
harmful singlet oxygen by scavenging it and quenching the excited triplet state of chlorophyll. They also stabilize 
chloroplast membranes (Li et al. 2010). Significantly increased concentration of carotenoids in P. triandra leaves (by 37%) 
in the presence of 4.45 dS m-1 EC compared to plants living at 3.14 dS m-1 EC (fig. 2C), corroborates with their antioxidative 
role i.e. the protection against photooxidation produced by accumulation of harmful ROS (Das and Roychoudhury 2014). 
Furthermore, a series of studies (Rabhi et al. 2012; Zouhaier et al. 2015; Muchate et al. 2016) documented an altering 
tendency of chlorophylls and carotenoids content depending on plant species and salt content in the growth media. Fiedor 
and Burda (2014) inferred that a high carotenoid content in the pigment complex may play a role in the protection of 
chloroplasts from photooxidation and from the deleterious effect of free radicals. Antioxidant role of carotenoids was also 
documented by Viljanen et al. (2002) and Li et al. (2010), thus, in our study, greater carotenoids concentrations in leaves 
of P. triandra growing in higher soil salt suggests that the pigments act as an efficient protective photooxidative 
mechanisms.  
Accumulation of ROS in plants causes a set of harmful effects in the cell. To scavenge the ROS, plants possess 
an effective antioxidative system, which involves also several enzymes. Superoxide dismutases are metal containing 
enzymes that together with catalases, are extremely important components in catalysing the dismutation of superoxide 
radicals into molecular oxygen and water, thus protecting the cell from oxidative damage. In response to salinity several 
halophytes accumulate SOD (Parida et al. 2004; Amor et al. 2005; Benzarti et al. 2012; Amjad et al. 2015), but salinity did 
not induce SOD accumulation in Salvadora persica (Rangani et al. 2016). In the current study, the largest measured 




































































two enzymes might play a substantial role in conferring P. triandra resistance to superoxide radicals under salt stress. 
Glutathione transferases may protect plants from oxidative injury by functioning as detoxifying enzymes and also have 
glutathione peroxidase activity thus being important in the prevention of lipid peroxidation (Roxas et al. 1997; Cummins 
et al. 1999). The ascorbate peroxidases are components of ascorbate-glutathione cycle, where APX enzymes are key 
component in catalysing the conversion of hydrogen peroxide into water, using ascorbate as electron donor.  Enhanced 
level of SOD and APX activity in P. triandra plants, could be indicators of the elevated ROS levels stimulated by higher 
salinity. The same tendency was documented by Benzarti et al. (2012) in the halophyte Atriplex portulacoides and Parida 
et al. (2004) in the mangrove Bruguiera parviflora. NaCl increased the SOD and GPX activity, but decreased the APX 
activity in Salsola crassa (Yildiztugay et al. 2014) demonstrating that different species choose alternative strategies to 
adapt to salinity stress. Our results suggest that especially SOD and CAT, but together with APX and GPX play a pivotal 
protective role against the oxidative stress caused by high salinity, and these enzymes prevent ROS accumulation and thus 
inhibition or damage of PSII. 
Proline accumulation is one of the common physiological responses in higher plants exposed to drought and 
salinity (Khedr et al. 2003; Székely et al. 2008; Kishor and Sreenivasulu 2014; Per et al. 2017). Proline functions as a 
possible molecular chaperone in osmotic adjustment and protection of cellular structures, proteins and membranes during 
osmotic stress in plants (Delauney and Verma 1993; Abid et al. 2018; Zhang and Shi 2018). Proline protects the protein-
lipid components of the cell membranes during water stress (Franko and Melo 2000; Szabados and Savoure 2010). It can 
act as antioxidant, energy metabolism factor and metabolic signal (Anjum et al. 2000; Kartashov 2013). Is able to regulate 
the metabolite pool and gene expression, and affects plant growth and development (Szabados and Savoure 2010; Eva et 
al. 2016). Proline is also involved in diminishing photodamage in thylakoidal membranes by scavenging and / or reducing 
MDA concentration and ROS detoxifying enzymes (Reddy et al. 2004). Proline accumulation in the presence of salinity 
stress is a well-documented strategy of plants to counteract this adverse environmental condition. Many physiological 
measurements of different species emphasized an elevated proline level as a response to salt stress (Hong et al. 2000; 
Székely et al. 2008; Szabados and Savoure 2010). Our study shows that under higher soil salinity P. triandra plants 
displayed a significant increase in the accumulation of free proline compared to lower soil salinity conditions (fig 4A). 
This result is in accordance with Karakas et al. (2017), who also reported elevation of proline levels in S. soda and P. 
oleracea with increasing EC content of soil in greenhouse experiments. The evidence that RWC did not changed 
significantly in our analysis, shows that accumulation of proline is not a pivotal factor in the control of water status of 
plants. Moreover, lipid degradation was significantly lower in plants grown under higher than lower soil salinity conditions. 




































































this species possesses an efficient antioxidative defence system in order to scavenge the accumulation of ROS. Same results 
were obtained by Karakas et al. (2017) and Rangani et al. (2016) in greenhouse grown halophytes S. soda and S. persica. 
With respect to glycophytes, several authors documented increase in lipid peroxidation as an effect of salinity stress e.g. 
Vigna radiata (Nazar et al. 2011), Oryza sativa (Shobbar et al. 2012), Solanum melongena (Shaheen et al. 2013) and A. 
thaliana (Rejeb et al. 2015). 
 Our future studies on the salt adaptation mechanisms of P. triandra will focus on the expression pattern of salt 
stress regulated genes, which can bring us closer to the salt tolerance strategies of halophytes.  
 
Conclusions 
Based on current results, i.e. biomass enhancement under the effect of elevated soil salinity, we suggest that P. triandra 
not only tolerates, but needs salt for optimal growth and physiological processes in its natural habitat. P. triandra acts as a 
real halophyte with diverse adaptation strategies to avoid the harmful effect of high soil salinity. Its adaptation mechanisms 
include physiological adaptations, maintenance of PSII functional integrity and thus, photosynthetic activity, activation of 
efficient antioxidative system, accumulation of osmolyte proline and reduce lipid peroxidation. Understanding the 
mechanisms of salt adaptation of P. triandra, could be of great importance, possibly leading to the extension of the arable 
area of the crop plants by exploiting the biodesalinating capability of this halophyte in Europe and especially in the 
Transylvanian Plain.  
 
Figure legends 
Table 1 Biomass of Petrosimonia triandra plants grown under different soil salt concentrations. EC: soil electrical 
conductivity, FW: fresh weight, DW: dry weight. The values are mean ± SD (n = 10), significant values p ≤ 0.05. Significant 
different means, between the two sampling sites, according to Welch's t test are marked with *p = 0.05-0.01 and **p = 
0.01-0.001. 
Table 2 Growth parameters (plant height, leaf area, root length) and relative water content (RWC%) of Petrosimonia 
triandra plants grown in soils with different salinity. EC: soil electrical conductivity. The values are mean ± SD (n = 10). 
Significant different means, between the two sampling sites, according to Welch's t test are marked with *p = 0.05-0.01. 
Table 3 Accumulation of mineral ions in Petrosimonia triandra plants grown under different soil salt content. EC: soil 
electrical conductivity. 




































































Figure 2 PSII efficiency and leaf photosynthetic pigment content of Petrosimonia triandra grown in natural habitat, in 
soils with different salinity. (A) PSII efficiency, (B) chlorophyll a+b, (C) carotenoids. Bars represent mean values ± SD (n 
= 10, ns = not significant according to Welch's t test). 
Figure 3 Specific activity of ROS detoxifying enzymes in Petrosimonia triandra plants grown in soils with different 
salinity. (A) Superoxide dismutase (SOD), (B) Catalase (CAT), (C) Ascorbate peroxidase (APX), (D) Guaiacol peroxidase 
(GPX) and (E) Glutathione transferase (GST). Bars represent mean values ± SD (n = 10). Significant different means 
according to Welch's t test are marked with **p = 0.01-0.001 and ***p < 0.001. 
Figure 4 (A) Proline content and (B) Lipid degradation in Petrosimonia triandra leaves in the presence of two different 
saline conditions. Bars represent mean values ± SD (n = 10). Significant different means according to Welch's t test are 
marked with ***p < 0.001. 
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Biomass of Petrosimonia triandra plants grown under different soil salt concentrations. EC: soil electrical conductivity, 
FW: fresh weight, DW: dry weight. The values are mean ± SD (n = 10), significant values p ≤ 0.05. Significant different 





Leaf weight (g) Stem weight (g) Root weight (g) Root/shoot ratio 
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Growth parameters (plant height, leaf area, root length) and relative water content (RWC%) of Petrosimonia triandra 
plants grown in soils with different salinity. EC: soil electrical conductivity. The values are mean ± SD (n = 10). Significant 










































































































(mg kg-1 DW) 
Cl- 
(mg kg-1 DW) 
K+ 
(mg kg-1 DW) 
Ca2+ 
(mg kg-1 DW) 
Mg2+ 
(mg kg-1 DW) 
Na+/K
+ ratio 
Root 3.14 904 1338 261 24  18  3.46 
 4.45 1371 1716 406 128  83  3.37 
Stem 3.14 1929 2979 248 7  49  7.78 
 4.45 2025 3182 374 24  77  5.41 
Leaf 3.14 1131 3035 473 93  62  2.39 
 4.45 1481 3368 618 36  35  2.39 
 
 







































































Fig. 2 PSII efficiency and leaf photosynthetic pigment content of Petrosimonia triandra grown in natural habitat, in soils 
with different salinity. (A) PSII efficiency, (B) chlorophyll a+b, (C) carotenoids. Bars represent mean values ± SD (n = 








































































Fig. 3 Specific activity of ROS detoxifying enzymes in Petrosimonia triandra plants grown in soils with different 
salinity. (A) Superoxide dismutase (SOD), (B) Catalase (CAT), (C) Ascorbate peroxidase (APX), (D) Guaiacol 
peroxidase (GPX) and (E) Glutathione transferase (GST). Bars represent mean values ± SD (n = 10). Significant different 






































































Fig. 4 (A) Proline content and (B) lipid degradation in Petrosimonia triandra leaves in the presence of two different saline 
conditions. Bars represent mean values ± SD (n = 10). Significant different means according to Welch's t test are marked 
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Table 1 






Leaf weight (g) Stem weight (g) Root weight (g) Root/shoot ratio 
FW DW FW DW FW DW  FW DW 
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EC: soil electrical conductivity, FW: fresh weight, DW: dry weight. The values are mean ± SD (n = 10), significant 
values p ≤ 0.05. Significant different means, between the two sampling sites, according to Welch's t test are marked with 
*p = 0.05-0.01 and **p = 0.01-0.001. 
Table 1
Table 2 
GROWTH PARAMETERS (PLANT HEIGHT, LEAF AREA, ROOT LENGTH) AND RELATIVE WATER 





























EC: soil electrical conductivity. The values are mean ± SD (n = 10). Significant different means, between the two 
sampling sites, according to Welch's t test are marked with *p = 0.05-0.01. 
Table 2
Table 3 
ACCUMULATION OF MINERAL IONS IN PETROSIMONIA TRIANDRA PLANTS GROWN UNDER DIFFERENT 






(mg kg-1 DW) 
Cl- 
(mg kg-1 DW) 
K+ 
(mg kg-1 DW) 
Ca2+ 
(mg kg-1 DW) 
Mg2+ 
(mg kg-1 DW) 
Na+/K+ 
ratio 
Root 3.14 904 1338 261 24  18  3.46  
4.45 1371 1716 406 128  83  3.37 
Stem 3.14 1929 2979 248 7  49  7.78  
4.45 2025 3182 374 24  77  5.41 
Leaf 3.14 1131 3035 473 93  62  2.39  
4.45 1481 3368 618 36  35  2.39 
EC: soil electrical conductivity. 
Table 3
